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(54) AMORPHOUS CARBON COATED TOOL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain excellent surface roughness immediately after film 
coating, a higli film forming rate and wear resistance at a low manufacturing cost by fomiing 
an amorphous carbon film for coating a tool surface, by a physical evaporation method using 
a raw material containing graphite with a characteristic close to diamond. 
SOLUTION: An amorphous carbon film formed by a physical evaporation method is called a 
diamond-like carbon film, a DLC film, an a-c: H-film, a hard carbon film or the like and 
obtained by a coating method using the sublimation reaction of graphite used as a start raw 
material in order to obtain a high hardness equivalent to diamond. A surface phase with a film 
thickness of 0.05-1 |am composed of groups IVA, VA, VIA, metal elements in the periodic 
table, and a compound composed of elements selected out of boron/aluminum and 
silicon/germanium groups, is provided between the amorphous carbon film and a tool surface. 
The total film thickness including the amorphous carbon film is 0.1-5 ^m, and the hydrogen 
content of the amorphous carbon film is less than 15%. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the amorphous carbon covering tool which covered the 
film which has abrasion resistance and joining-proof nature on the front face of the tool into which hard 
particle content material, such as hard metals, such as aluminum, and an alloy of those, or graphite, is 
processed. It is related with the tool optimal as the cutting throwaway tip especially represented by 
lathe-turning tools (drill end mill reamer etc.) and the milling cutter tool and cutting tools (cutter knife 
slitting machine etc.). 
[0002] 

[Description of the Prior Art] The cutting tool is conventionally asked for that cutting force is made 
small and high efficiency can be processed, making small damage on the front face of a tool, and 
maintaining at a high life, carrying out finishing (the shape of surface type, a base material degree of 
hardness, dimensional accuracy, etc.) of a workpiece to high definition, etc. It is in the inclination to 
decrease the cutting fluid used in order to carry out cutting to lubrication from the needs of 
environmental preservation recentiy in addition to the above, and development of the tool by which 
neither a life nor cutting efficiency falls even if it does not use cutting fluid is desired strongly. Then, in 
order to improve abrasion resistance and lubricity, the tool which gave Ti system ceramic coats, such as 
TiN-TiC-TiCN-TiAlN, is widely used for the front face of these cutting tools. 

[0003] However, there was a problem that a work material welded [ a work material / of a cutting tool / 
cutting-edge ] in the case of elasticity metals, such as an aluminum containing alloy, and cutting force 
became large also with the cutting tool which covered the above-mentioned Ti system ceramic film. 
Moreover, in the case of the work material containing detailed hard particles, such as graphite, since it 
was machinable and processing was performed on a high speed and quantity delivery conditions, there 
was a problem that tool wear was intense compared with other work materials. So, conventionally, there 
is joining-proof nature in aluminum, its alloy, or the tool into which graphite is processed, and the 
diamond film of a high degree of hardness was used for it. 

[0004] Moreover, there are some which covered the amorphous carbon film as a processing tool which a 
work material cannot weld easily. Some which are depended on the plasma chemistry vacuum 
deposition which used hydrocarbon system gas (methane benzene acetylene etc.) are one of those which 
are well used from the former as a process of the coat of this tool. 

[0005] In addition, there is invention of JP,10-25565,A which indicated the membrane formation 
approach covered with the arc ion plating method which used carbon as the raw material. The 
description of this invention is having established the defense object between the raw material and the 
base material, in order to remove a particle with a particle size of 0. 1 micrometers or more. 
[0006] 

[Problem(s) to be Solved by the Invention] However, since the above-mentioned diamond film is 
polycrystal structure, its surface irregularity is large, and in order to use it as a precision processing tool, 
it needs to grind the front face which constitutes a complicated configuration with the irregularity. 
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However, since the diamond film was hard most with an existing ingredient, it caused an extraordinary 
cost rise that there is no other way but the to use, 

[0007] Furthermore, an about 20-30-micrometer thick film is required for the thickness of ceramic coats, 
such as the usual TiN, beforehand in order to grind a front face finally to being 2-3 micrometers in the 
case of the diamond film. Moreover, since membrane formation is performed carrying out etching 
removal of the graphite which carries out coincidence growth at the time of diamond growth, its 
membrane formation rate is very low. Specifically, it is less than 1/10 membrane formation rate to 
ceramic coats, such as other TiN(s). Therefore, there was a problem that a manufacturing cost including 
a polish process and a membrane formation process became very high. 

[0008] in order to use hydrogen content gas for a raw material on the other hand by the amorphous 
carbon film made with the above-mentioned plasma chemistry vacuum deposition ~ the inside of a coat 
- hydrogen - 15 - 40at% ~ it is contained and there is a problem that a degree of hardness becomes 
low. The Knoop hardness (Hk) of the amorphous carbon film by this process is about Hk=3000kg/mm2 
at the maximum, and its degree of hardness is actually quite low as compared with Hk=10000kg/mm2 of 
the diamond film. Furthermore, if the temperature of a coat rises and it becomes about 350 degrees C by 
friction at the time of processing, it will slip out of the hydrogen in a coat gradually out of a coat. 
Consequently, as for the amorphous carbon film, structure metamorphoses into the graphite fihn. Then, 
a degree of hardness will fall remarkably. Therefore, when the amorphous carbon film by the above- 
mentioned process is covered to cutting tools, such as the edge of a blade which temperature goes up 
locally, a problem remains in respect of abrasion resistance. 

[0009] Moreover, since invention of above-mentioned JP,10-25565,A has established the defense object 
between the raw material and the base material, its membrane formation rate is as late as 200 nm/min. 
Therefore, it requires long duration and is not realistic in order to thicken thickness. Furthermore, in 
order that this invention may also use hydrogen content gas for membrane formation, an actual degree of 
hardness is as low as about Hk=3000kg/mm2. 

[0010] Then, the key objective of this invention is to offer the amorphous carbon covering tool which a 
membrane formation rate is high, and can reduce a manufacturing cost, and has abrasion resistance 
while improving tool surface roughness immediately after carrying out a coat. 
[0011] 

[Means for Solving the Problem] This invention is an elasticity metal or a tool into which hard particle 
content material is processed, and said amorphous carbon film is an amorphous carbon covering tool 
characterized by being formed by the physical vapor deposition using the raw material containing the 
graphite which can cover cheaply and has a property near a diamond in the amorphous carbon covering 
tool with which the amorphous carbon film was covered by the tool front face. 

[0012] here, the amorphous carbon film by the above-mentioned physical vapor deposition is diamond- 
like ~ it is called the carbon film, the DLC film, the a-C:H film, the a-C film, the hard carbon film, etc., 
and these [ all ] are included. And this amorphous carbon film is obtained by the covering approach 
using the sublimation reaction of graphite by using graphite as a start raw material, in order to obtain the 
high degree of hardness which is equal to a diamond. Moreover, if this amorphous carbon film does not 
introduce reactant gas intentionally during membrane formation, it will be constituted by the carbon 
atom except for the impurity contained unescapable during membrane formation. Therefore, the above- 
mentioned amorphous carbon film is the structure near [ carbon / hydrogenation amorphous ] a diamond, 
and while a degree of hardness can be made high, an anti-oxidation property is also improved by the 
same about 600 degrees C as a diamond. 

[0013] The arc ion plating method and the laser ablation method, the sputtering method, etc. which are 
generally used industrially are suitable for the physical vapor deposition which used the above- 
mentioned graphite as the start raw material. As for these membrane formation approaches, a membrane 
formation rate does not have the problem of a manufacturing cost like the diamond film highly. In 
addition, the membrane formation approach according to the arc ion plating method especially at this 
invention is desirable. Furthermore, in order to obtain a high degree of hardness, it is desirable to carry 
out under the ambient atmosphere of gas with few hydrogen contents. Moreover, in this invention, a 
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defense object etc. is not established between a raw material and a tool front face like invention of 
JP,10-25565,A, but a membrane formation rate is as high as 400 nm/min. In addition, in order to 
improve the surface roughness of the amorphous carbon film, the approach of preventing the granular 
debris from a graphite raw material can also be proposed. For example, there is an approach except the 
granular debris which bends an arc plasma magnetically using the approach and bend which lessen 
evaporation and form membranes by making small the arc current over a graphite raw material, and 
moves Unearly etc. The smooth film is obtained by these membrane formation approaches. 
[0014] Between the amorphous carbon film and a tool front face, it is desirable to have a volume phase. 
As for this volume phase, what consists of periodic tables IVa and Va, a Via group metallic element and 
boron, aluminum, silicon, and one or more sorts of elements chosen from the group of germanium is 
desirable. Or it may consist of compounds which consist of one or more sorts of elements chosen from 
the group of periodic tables IVa and Va, a Via group metallic element and boron, aluminum, silicon, one 
or more sorts of elements chosen from the group of germanium, carbon and nitrogen, and oxygen 
between the amorphous carbon film and a tool material. And as for the thickness of a volume phase, it is 
desirable that it is 0.05 micrometers - 1 micrometer. Less than 0,01 micrometers of the improvement 
effect of adhesion with a coat are insufficient, and if it exceeds 1 micrometer, although change not much 
and there is no adhesion, since membrane formation time amount becomes long, it is uneconomical. It is 
possible for the adhesion of a remarkable low coat to be raised compared with ceramic coats, such as the 
usual TiN, and to prolong a tool life by making such a volume phase intervene. 
[0015] It is suitable for the sum total thickness of the above-mentioned amorphous carbon film and a 
volume phase that it is 0. 1 micrometers - 5 micrometers. It is because the internal stress accumulated in 
a coat will become large and it will become easy to exfoliate in less than 0.1 micrometers, if it is easy to 
wear out and 5 micrometers is exceeded. 

[0016] Since a membranous degree of hardness will fall extremely if the hydrogen content of the 
amorphous carbon film exceeds 15at% in order to make the degree of hardness of a coat high, it is 
desirable that it is less than [ 15at% ]. Moreover, few hydrogen contents are so good that there are. 
Therefore, less than [ 10at% ] and a still more desirable hydrogen content are 0 - 5at% more preferably, 
this - Hk= - it has a degree of hardness beyond Hk=5000kg/mm2 especially two or more 
[ 3500kg //mm ]. In addition, in order to lessen a hydrogen content, in the physical vapor deposition 
which covers the amorphous carbon film, it is good to form under the ambient atmosphere which does 
not contain hydrogen. For example, it is good to use inert gas, such as argon gas and nitrogen gas, etc. 
[0017] In addition, in the inclusion of the above-mentioned amorphous carbon film, in below 15at%, it 
is the range below 10at% more preferably, and atoms, such as hydrogen, nitrogen, and an argon, may be 
contained in the coat all over the range in which neither a degree of hardness nor oxidation resistance is 
reduced, i.e., a coat configuration element. 

[0018] Cemented carbide, various ceramic high-speed-steel steel, etc. are good for this invention 
amorphous carbon covering tool base material, this invention amorphous carbon covering tool fits a drill 
end mill reamer throwaway tip cutter knife slitting machine etc. Moreover, hard particle content 
material, such as elasticity metals, such as aluminum and its alloy, or graphite, etc. is good as these **- 
ed material. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained. The 
membrane formation equipment 1 shown in drawing 1 performs membrane formation of this invention 
amorphous carijon covering tool. As shown in drawing 1 , membrane formation equipment 1 had the gas 
inlet 10 in the upper part, equipped the lower part with the exhaust port 1 1, and has connected the 
evacuation pump (not shown) to this exhaust port 1 1 . In the location where it counters in membrane 
formation equipment I, two or more targets (raw material) 2-3 are arranged. This target 2-3 is connected 
to the vacuum arc power source 7-8. Moreover, the base material holder 4 equipped with a base material 
5 is installed in 1 in membrane formation equipment center section. This base material holder 4 is the 
configuration that the ion generated from a target 2-3 can be uniformly adhered to the base material 5 
with which it equipped by rotating. The base material heating heater 6 which heats a base material 5 in 
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the location which counters considering the base material holder 4 as a core is arranged. 

[0020] The following procedures perform the ion plating method by the vacuum arc discharge using the 

above-mentioned equipment. 

(1) Arrange two or more targets 2-3 in membrane formation equipment 1 . A target 2-3 is connected to 
Ihe vacuum arc power source 7-8. 

(2) Equip with a base material 5 the base material holder 4 which rotates among these targets 2-3 
centering on the central point of a target 2-3 . 

[0021] (3) Cover a volume phase and amorphous carbon, controlling the discharge current of the 
vacuum arc power source 7-8. By controlling the discharge current, arc discharge changes and it is 
covered with the evaporation of 2-target 3 ingredient fluctuating by that cause. The degree of vacuum in 
membrane formation equipment 1 is made into the ambient atmosphere of 7x10 to 3 Pa. It heats to 100 
degrees C using the base material heating heater 6, introducing argon gas from a gas inlet 10, and 
holding in the ambient atmosphere of 1x10 to 1 Pa. After washing by applying the electrical potential 
difference (bias power supply) 9 of -lOOOV to the base material holder 4, argon gas is exhausted with 
the evacuation pump 1 1 . 

[0022] (4) Form a volume phase on a drill front face by making the target 2 of a periodic table IVa-Va- 
Vla group metallic element and aluminum silicon evaporate and ionize by vacuum arc discharge, 
introducing some kinds of N2 gas and CH4 gas argon gas at a rate of sum total flow rate 100 cc/min in 
membrane formation equipment 1. [ some kinds of / any one kind or ] Furthermore, the amorphous 
carbon film is formed by making the target 3 of graphite evaporate and ionize on it. 
[0023] Hereafter, the example of this invention amorphous carbon covering tool explains concretely. In 
the example, the tool which covered the amorphous carbon film with the bottom of an ambient 
atmosphere with few (it contains also when not using hydrogen content gas) hydrogen contents was 
used. Moreover, in the example of a comparison, the covering tool formed under the ambient 
atmosphere which contains hydrogen content gas in addition to the above-mentioned gas was used. In 
addition, formation of this invention amorphous carbon covering tool may be which approach, as long as 
it is not restricted to the process used here and membranes are formed with the physical vapor deposition 
using graphite. 

[0024] (Example 1) this invention article 1-30 into which thickness and the component of a volume 
phase were changed as shown in Table 1-2 as a tool base material using the drill made from cemented 
carbide which is phiSmm whose presentation is JIS KIO was prepared, this invention article 1-28 is the 
drill which gave the coat by the above-mentioned approach, this invention article 29-30 is a tool which 
has not covered the volume phase. Moreover, for the comparison, as shown in Table 2, the covering drill 
of the comparison article 1-5 was also prepared. In addition, usual plasma-CVD equipment is used for 
the comparison article 1-3, and it forms the amorphous carbon film containing many hydrogen in the 
same drill fi^ont face as the above. 

[0025] To the above-mentioned drill, the drilling test (wet conditions by external oil supply) by the 
conditions of Table 3 was performed, and the adhesion situation in the rate of thrust reduction and 
cutting edge to a non coat drill was measured. In addition, the rate of thrust reduction is conventionally 
evaluated on the basis of thrust resistance of elegance 1. The result of each above-mentioned cutting trial 
is shown in Table 1-2. 
[0026] 
[Table 1] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



9/1/06 



JP,200 1-062605,A [DETAILED DESCRIPTION] Page 5 of 7 



1^ 

1a vS 


CD 

o 




C=3 

a 


<=> 
<=> 


C3 


C3 


<=> 
CD 




c:> 
o 


C3 
C3 


C3 
CD 


CD 


CD 
CD 


CD 
CD 


o 

CD 


CD 

o 


C3 
CD 


|i 

' ^5 


o 

G 
1/9 


a 

CO 


o 


in 


O 


O 
O 
LO 
CO 


O 
CD 
1X9 

«o 


o 
o 

oo 


o 


O 
O 


O 
O 
CO 


O 

o 
oo 

CO 


CD 
LO 
CO 


CD 


O 
O 


O 

O 
lO 


CO 


Sim 


o 


O 


O 




O 


O 


O 


O 








CD 


eo 


CO 




CO 




IS 


m 






i 


It? 


% 


s 


1 


i 






i 




m 
m 


m 
m 

m 


m 


m 


J- ^ 
1 








to 


CO 


to 


oo 
<o 


«o 


CD 


to 




CO 


CO 

<o 


CO 
CO 


LA 
CO 


CO 


CO 
CD 


CO 


0! 

B 

«i 


i 


CS3 




o 








LO 






CO 










- 






S! 


1 

U 

< 


» 

C 

ill 


■c 

JUL. 


1 

f 


m 


'n>i 


1 

ill. 


1 

Dig 

Jll. 


1 

mg 


»^ 


1 

» 

* 


I 

le 


1 


1 

» 

fig 


1 

«]; 


1 


1 

» 

EDg 
* 


IS 

IS 


•3 
131 


• 
I 


<3 






o 


o 


CD 


CD 


o 


CD 




Q 




CD 


O 




CD 


CD 


8^ 






















> 






O 
S 




cd 

e- 




CO 






CM 


CQ 




LO 










o 






CO 






CO 







[0027] 
[Table 2] 
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[0028] 
Table 31 
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[0029] As shown in Table 2, the comparison article 1-2 which is the hydrogenation amorphous carbon 
film whose hydrogen content formed with chemical vapor deposition is more than 20at% has thrust 
resistance comparable as a non coat, and that of joining-proof nature is bad. The TiN film (comparison 
article 4) and the TiAIN film (comparison article 5) were remarkably large, and with the comparison 
article 4, cutting force is ten holes and began to weld them in 3 **** beams and time in the comparison 
article 5. While the drill (this invention article 1-30) of the example of this invention which hardly 
contains hydrogen to it has the abrasion resistance which was excellent in aluminum punching 
processing, it tums out that it has the outstanding joining-proof nature. Therefore, the hole process 
tolerance after a perforating process is also very high. Moreover, although this invention article 29-30 
which has not given the volume phase had the degree of hardness as high as 2 mm 5500kg /and abrasion 
resistance's was good, in the comparison article 3, its degree of hardness was as low as 2 mm 2000kg /, 
and it was immediately worn out. In addition, since this invention article had small cutting force, the 
workability of the article was good. 

[0030] The above-mentioned trial shows that the optimal thickness of the volume phase for improving 
adhesion of a coat is 0.05-1 micrometer. When larger [ when smaller than 0.05 micrometers, adhesion is 
bad, and ] than 1 micrometer, there is no efficient problem, but since membrane formation time amount 
becomes long, it becomes a cost rise factor. 

[003 1] (Example 2) About this invention article 2 which covered the amorphous carbon film on the front 
face of the drill made from superhard, and the comparison article 5 which covered comparison article 4 
and the TiAIN film which covered comparison article 1 and the TiN film which covered the 
hydrogenation amorphous carbon film by chemical vapor deposition, the perforating process of the 
carbon by the conditions of Table 4 was performed, and the condition of tfie perforation number and the 
edge of a blade was evaluated by the same approach as an example 1. 
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Table 41 
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[0033] Consequently, since variation produced the comparison article 4-5 which is the conventional 
covering tool which covered the metal nitride film with physical vapor deposition in the bore diameter 
of a work material in 1000 **** beams and time, when the condition of a drill was investigated, wear 
arose in the edge of a blade, and the chipping was accepted at the tip. On the other hand, with the drill of 
this invention article 2, there is no problem also at the 5000 **** beam time in the processing situation 
of a work material, and neither wear nor a chipping was accepted also in the drill edge of a blade. 
[0034] 

[Effect of the Invention] The amorphous carbon covering tool of this invention has the outstanding 
joining-proof nature, and since abrasion resistance is high, it can make a tool life extend remarkably. It 
is possible to maintain the abrasion resistance of the front face of the cutting throwaway tip especially 
represented by lathe-turning tools (a drill, an end mill, reamer, etc.) and the milling cutter tool and 
cutting tools (a cutter, a knife, slitting machine, etc.). Moreover, since graphite is being used for 
covering material, it is economical, and since the membrane formation rate is high, working efficiency is 
also good. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the origmal 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the amorphous carbon covering tool which is a tool for processing of an elasticity metal 
or hard particle content material, and is characterized by forming said amorphous carbon film in this tool 
front face by the physical vapor deposition using the raw material containing graphite in the amorphous 
carbon covering tool with which the amorphous carbon film was covered. 

[Claim 2] The amorphous carbon covering tool according to claim 1 characterized by having the volume 
phase of 0.05 micrometers - 1 micrometer of thickness which consists of one or more sorts of elements 
chosen from the group of a periodic-table IVa-Va-VIa group metallic element and boron aluminum 
silicon germanium between the amorphous carbon film and a tool front face. 

[Claim 3] The amorphous carbon covering tool according to claim 1 characterized by having the volume 
phase of 0.05 micrometers - 1 micrometer of thickness which consists of one or more sorts of elements 
chosen from the group of a periodic-table IVa-Va-Via group metallic element and boron aluminum 
silicon germanium, and a compound which consists of one or more sorts of elements chosen from the 
group of carbon, nitrogen, and oxygen between the amorphous carbon film and a tool front face. 
[Claim 4] The sum total thickness of the amorphous carbon film and a volume phase is an amorphous 
carbon covering tool according to claim 2 or 3 characterized by being 0. 1 micrometers - 5 micrometers. 
[Claim 5] The hydrogen content of the amorphous carbon film is an amorphous carbon covering tool 
according to claim 1 characterized by being less than [ 15at% ]. 

[Claim 6] The amorphous carbon film is an amorphous carbon covering tool according to claim 1 
characterized by being formed under the ambient atmosphere which does not contain hydrogen. 



[Translation done.] 
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